The neuromuscular function of the lower extremity in 40 normal and 100 anterior cruciate ligament-deficient volunteers was evaluated by physical examination, KT 
specially designed apparatus delivered an anteriorly directed step force to the posterior aspect of the leg while anterior tibial translation was monitored and electromyographic signals were recorded at the medial and lateral quadriceps, medial and lateral hamstrings, and gastrocnemius muscles. Testing was done at 30&deg; of knee flexion with the foot fixed to a scale to monitor weightbearing, while the tibia remained unconstrained. Results indicate that muscle timing and recruitment or- der in response to anterior tibial translation are affected by anterior cruciate ligament injury. These alterations in muscle performance change with time from injury, correlate with an individual's physical activity level, affect subjective functional parameters, and are directly related to the degree of dynamic anterior tibial laxity seen with stress testing.
Over the last 25 years, a tremendous research effort has been focused on the biomechanics of the ACL. 13, 15, 29, 30, 42, 46, [51] [52] [53] 76 The principles learned have been applied clinically in the hope of improving the natural history of a knee with an injured ACL. In fact, impressive strides in treatment have followed the course of ACL research. A torn ACL in an athlete is not necessarily the &dquo;beginning of the end,&dquo; as it was once described.&dquo; The prognosis for an athletic individual with an ACL injury with proper care appears to be much improved, at least over the short term. 16, 56 Despite these clinical and biomechanical advances, our current information base does not explain the functional status of several types of individuals with increased anterior laxity of the knee. One of these types is the athlete who has excess anterior laxity but who functions at a very high level of activity without evidence of instability. 51,51,11 Some of these athletes have normal ligaments that are just not as tight as most, while a few represent asymptomatic ACLdeficient (ACL-D) extremities. Despite a lack of passive restraint, no instability is apparent, and a high level of function is maintained. Secondly, there is the individual who has had an ACL reconstruction and has returned to a high level of activity without instability in spite of considerable residual anterior laxity. Paradoxically, there are those whose laxities are within &dquo;normal parameters&dquo; yet in whom symptoms of instability persist.22 These examples emphasize the dual nature of knee stability: the passive restraint system, which is composed primarily of ligaments and capsule, and the dynamic system, which is composed of the neuromuscular elements. The interaction between the dynamic and static systems remains unclear. An improved understanding of the neuromuscular component of stabilization is needed to augment our treatment of injuries to the passive restraints of the knee.
This investigation was not performed to alter the current standards in decision-making regarding nonoperative versus operative treatment of ACL tears. These decisions should be made based on the age and activity level of the subject while keeping in mind the known risk factors for degenerative disease. This research was designed to augment both directions of treatment by maximizing the potential of the neuromuscular control system. This was attempted by studying the neuromuscular response to anterior tibial translation (ATT) in a specifically designed apparatus that allowed monitoring of spinal reflexes and cortical control activity. Unfortunately, at this time, we do not fully understand the complexities of dynamic knee joint control, which makes the interpretation of this data difficult and subject to criticism.
BACKGROUND
In 1944, Ivar Palmars2 wrote about the theory that ligaments supply the central nervous system (CNS) input that makes neuromuscular control of knee joints possible. Several years later, in 1956, Cohen and Cohen&dquo; popularized the idea of an &dquo;arthrokinetic reflex.&dquo; Based on their work with decerebrate cats, they suggested that the origin of important protective afferent input was the knee joint capsule. Cohen and Cohen decided that a quadricepshamstrings tension balance was necessary for knee joint stability. Andersson (Fig. 1 ). Relative tibial displacement was quantified by placing one potentiometer on the patella with the second placed on the tibial tuberosity.
A validation study comparing the accuracy of the KT-1000 arthrometer with this system was performed using machined aluminum plates of known differentials.44 In this in vitro setting, the correlation coefficient between the KT-1000 arthrometer and the dual linear potentiometers was 0.98; however, it is important to note that differences exist in the degree of sensitivity of each device. The dual potentiometer system was accurate to 0.01 mm throughout a full range of displacements (-20 (Table 6 ).
8. The quadriceps strength (peak torque foot-pounds/ body weight pounds) of normals, the best acute ACL-D individuals, and the best chronic ACL-D individuals was not statistically different (Fig. 2) .
9. The hamstrings strength (peak torque foot-pounds/ body weight pounds) of the best ACL-D subgroups at each time interval was as good or better than normal, while in the worst ACL-D subgroups, the hamstrings strength was less than normal (Fig. 2) . 10 . The best subset of each ACL-D interval (acute, semiacute, chronic groups) favored initial use of the hamstrings to prevent ATT during voluntary activity (Table 7) . 11 . Those ACL-D individuals who recruited the hamstrings first during voluntary activity showed the largest decrease in laxity between their muscles-relaxed and muscles-tensed tests. Interestingly, this hamstring-first group also showed a higher average subjective score than those using their quadriceps or gastrocnemius muscles first (Table 8) . 12 . The ACL-D extremity showed a statistically slower MRT at the spinal cord level than the uninvolved extremity for both hamstrings and quadriceps muscles (Table 9) . 13 . Voluntary muscle activity in all five muscle groups tested was slower in the ACL-D extremity than in the unaffected extremity of the individual (Table 9 ) and was also slower than normal (Table 10 ). The unaffected extremity voluntary activity was slower than normal in both hamstrings and quadriceps muscles (Table 5 ). 14. The dominant ACL-D extremities showed slightly more ATT and were stronger than the nondominant ACL-D extremities; these differences were not significant (Table   11 ). 15 . Increased activity levels among the ACL-D individuals correlated well with decreased laxity in the musclestensed test (Fig. 3) . 16 (Table 3) .
In normal extremities, the degree of ATT during the muscles-tensed test correlated statistically with the individual's lifestyle: the more active the individual, the tighter the knee. Those participating in competitive, jumping, twisting sports (high-activity level) demonstrated the least ATT (Fig. 3) .
Uninvolved extremities-ACL-D individuals
A normal pattern of muscle recruitment and timing was seen at the spinal cord level in response to ATT (Table 5) Table 13) showed statistically the least ATT in the muscles-relaxed test. The significance of these findings remains unclear.
There were gender differences noted in both the subjective and objective evaluations (Tables 4 and 13 
